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(54) Hydraulically powered steering apparatus with electrically powered backup 



(57) An apparatus (10) for turning the steerable 
wheels (1 7) of a vehicle in response to the turning of the 
steering wheel (12). The apparatus (10) includes a drive 
mechanism (16), a first motor (24), a second motor (74), 
a sensor (78) for sensing that the first motor (24) is in- 
operative, and a torque sensor (80). In response to the 
turning of the steering wheel (12), the drive mechanism 
(16) is actuated, resulting in a turning the steerable 
wheels (17). The first motor (24), for inputting motion to 



the drive mechanism (16), is hydraulically powered. The 
second motor (74), for inputting motion to the drive 
mechanism (16), is electrically powered. The sensor 
(78) for sensing that the first motor (24) is inoperative 
produces an enabling signal and communicates the en 
abling signal to the second motor (74) to enable the.op- 
eration of the second motor (74). The torque sensor (80) 
responds to the turning of the steering wheel (12) and 
controls the second motor (74) when the second motor 
(74) is enabled. 
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Description 
Technical Field 

[0001] The present invention relates to an improved 
power steering apparatus for a vehicle and, more par- 
ticularly, to a hydraulically powered steering apparatus 
having an electrically powered backup. 

Background of the Invention 

[0002] A typical power steering apparatus for a vehi- 
cle is hydraulically operated. The apparatus includes a 
pump that is powered by the vehicle engine. The pump 
circulates hydraulic fluid though a hydraulic system con- 
taining a fluid reservoir. The pressurized hydraulic fluid 
is utilized by the power steering apparatus to aid the ve- 
. hide driver in turning the steerable wheels of the vehicle. 
[0003] U. S. Patent No. 4,942,803 discloses a hydrau- 
lic power steering gear. The power steering gear has a 
housing defining a fluid chamber, and a piston in the fluid 
chamber. The piston contains rack teeth that mesh with 
the teeth of a sector gear. The sector gear is fixed on an 
output shaft that transmits its movement to the respec- 
tive wheels. The power steering gear is connected to a 
steering wheel of the vehicle by a shaft. When the vehi- 
cle driver turns the steering wheel, the shaft rotates a 
valve core part of the steering gear with respect to a 
valve sleeve part of the steering gear. This action caus- 
es hydraulic pressure to move the piston. 
[0004] If the hydraulic power steering apparatus be- 
comes inoperative, a driver must manually be able to 
steer the vehicle. To allow this manual steering when 
the hydraulic system is inoperative, the valve core part, 
the valve sleeve part, and the piston become mechani- 
cally linked. Thus, turning the steering wheel causes the 
valve core part and the valve sleeve part to turn and the 
piston to move, resulting in manual steering of the vehi- 
cle. 

[0005] Although the manual steering of the vehicle is 
effective, this steering is difficult, particularly for large 
vehicles. As a result, there is a need for a system to 
assist with the steering of a vehicle should the hydraulic 
system become inoperative. 

Summary of the Invention 

[0006] The present invention is an apparatus for turn- 
ing steerable wheels of a vehicle. The apparatus in- 
cludes a drive mechanism, a first motor, a second motor, 
a sensor for sensing that the first motor is inoperative, 
and a torque sensor. The drive mechanism is respon- 
sive to the turning of the steering wheel of the vehicle, 
and motion of the drive mechanism turns the steerable 
wheels. The first motor, for inputting motion to the drive 
mechanism, is hydraulically powered. The second mo- 
tor, for inputting motion to the drive mechanism, is elec- 
trically powered. The sensor for sensing that the first 



motor is inoperative produces an enabling signal and 
communicates the enabling signal to the second motor 
to enable the operation of the second motor. The torque 
sensor responds to the turning of the steering wheel and 
5 controls the second motor when the second motor is en- 
abled. The first motor is a hydraulically powered. The 
second motor is electrically powered and preferably in- 
cludes a motor drive circuit for controlling operation of 
the second motor. If the driver-applied torque to the 
steering wheel reaches a predetermined level, the 
torque sensor communicates a torque signal to the mo- 
tor drive circuit. The motor drive circuit controls the sec- 
ond motor in accordance with the torque signal. 



[0007] Further features of the present invention will 
become apparent to those skilled in the art to which the 
present invention relates from reading the following 
specification with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic illustration of the apparatus of 
the present invention; 

le 2-2 
le 3-3 



Invention 

[0008] Fig. 1 illustrates an apparatus 10 embodying 
the present invention. The apparatus 10 is a vehicle 

35 power steering system for turning steerable wheels 17 
of a vehicle in response to turning of a steering wheel 
12 of the vehicle. The apparatus 10 includes a housing 
14 that contains a portion of a drive mechanism 16 for 
turning the steerable wheels 1 7 of the vehicle. The drive 

40 mechanism 1 6 is actuated in response to turning of the 
steering wheel 12 of the vehicle. The motion of the drive 
mechanism 16 results in a turning of the steerable 
wheels 17. 

[0009] The drive mechanism 16 includes a sector 
45 gear 18 having a plurality of teeth 20. The sector gear 
18 is fixed on an output shaft 22 that extends outwardly 
through an opening in the housing 14. The output shaft 
22 is typically connected to a pitman arm that is con- 
nected to the steering linkage of the vehicle. The dashed 
50 lines in Fig. 1 represent the pitman arm and steering link- 
age. Thus, as the sector gear 1 8 rotates, the output shaft 
22 is rotated to operate the steering linkage. As a result, 
the steerable wheels 17 are turned. 
[0010] The apparatus 1 0 further includes a first motor 
55 24 for inputting motion to the drive mechanism 16. The 
first motor 24 is hydraulically powered. The housing 14 
of the apparatus 10 has an inner cylindrical surface 26 
defining a chamber. A piston 28 is located within the 
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15 Brief Description of the Drawing s 
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25 Fig. 2 is a cross-sectional view taken along lir 
of Fig. 1; and 

Fig. 3 is a cross-sectional view taken along lir 
of Fig. 1. 

30 Detailed Description of an Embodiment of the 
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chamber and divides the chamber into opposite cham- 
ber portions 30 and 32. One chamber portion 30 or 32 
is located on each end of the piston 28. The piston 28 
creates a seal between the respective chamber portions 
30 and 32 and is capable of axial motion within the 
chamber. This axial motion of the piston 28 results in an 
increase in volume of one portion of the chamber 30 or 
32 and a corresponding decrease in the volume of the 
other portion of the chamber 30 or 32. A series of rack 
teeth 34 is formed on the periphery of the piston 28. The 
rack teeth 34 mesh with the teeth 20 formed on the sec- 
tor gear 18 of the drive mechanism 16. 
[0011] The first motor 24 is powered by hydraulic fluid 
that is pumped from a reservoir 36 to the first motor 24 
by a feed pump 38. Generally, -the engine of the vehicle 
drives the feed pump 38. The feed pump 38 forces hy- 
draulic fluid into an inlet 40 that directs the flow of the 
fluid to a directional control valve 42. The directional 
control valve 42 controls the first motor 24. When the 
steering wheel 1 2 of the vehicle is turned, the directional 
control valve 42 directs the flow of hydraulic fluid to one 
of the appropriate chamber portions 30 or 32. The flow 
of hydraulic fluid to the respective chamber portion 30 
or 32 increases the pressure within that chamber portion 
30 or 32 and causes the piston 28 to move, causing the 
volume of that particular chamber portion 30 or 32 to 
increase. The volume of the particular chamber portion 
30 or 32 increases until the pressure within each cham- 
ber portion 30 and 32 equalizes. As the volume of one 
chamber portion 30 or 32 increases to accommodate 
the increased fluid, the volume of the other chamber por- 
tion 30 or 32 decreases. The decreasing chamber por- 
tion 30 or 32 is vented to allow a portion of the contained 
hydraulic fluid to escape. This escaping fluid exits the 
housing 14 via the return 44 and is directed into the res- 
ervoir 36. 

[0012] An embodiment of the directional control valve 
42 that controls the first motor 24 is shown in Fig. 2. The 
directional control valve 42 contains a valve core part 
46 and a valve sleeve part 48. A portion of the valve core 
part 46 is contained within and is rotatable 'relative the 
valve sleeve part 48. 

[001 3] The valve sleeve part 48 contains a plurality of 
radially directed passages 50 that extend from its outer 
circumference to its inner circumference. Each of these 
radial passages 50 is fed with hydraulic fluid that enters 
the housing 14 through the inlet 40. Two axially extend- 
ing grooves 52 are associated with each radial passage 
50. The axially extending grooves 52 are located on the 
inner circumference of the valve sleeve part 48. One 
groove 52 is located on each side of a respective radial 
passage 50 and each groove 52 is spaced an equal dis- 
tance from the respective radial passage 50. Each 
groove 52 leads to a passage 54 extending radially out- 
ward of the valve sleeve part 48. Each groove 52 and 
associated passage 54 on a particular side of a radial 
passage 50 is associated with a particular chamber por- 
tion 30 or 32. For example, with reference to Fig. 2, each 



groove 52 and associated passage 54 located immedi- 
ately clockwise of a radial passage 50 will supply hy- 
draulic fluid to chamber portion 32; whereas, each 
groove 52 and associated passage 54 located immedi- 

5 ately counter-clockwise from a radial passage 50 will 
supply hydraulic fluid to chamber portion 30. 
[0014] The valve core part 46 includes a plurality of . 
axially extending grooves 56 on its outer circumference. 
These axially extending grooves 56 form a plurality of 

10 protrusions 58 that form the sides of each groove 56. 
The valve core part 46 has one protrusion 58 for each 
valve sleeve part groove 52. 

[001 5] When the valve core part 46 is located relative 
to the valve sleeve part 48 such that each protrusion 58 

15 of the valve core part 46 is centered above a respective 
groove 52 of the valve sleeve part 48, the directional 
control valve 42 is in a neutral position. Fig. 2 illustrates 
the directional control valve 42 in the neutral position. 
In this neutral position, the flow of hydraulic fluid passing 

20 from the radial passages 50 is distributed equally to the 
two associated grooves 52. As a result, the pressure 
within each chamber portion 30 and 32 is equalized. 
When the valve core part 46 is rotated, access to one 
of the two associated grooves 52 of the valve sleeve 

25 part 48 is restricted by a protrusion 58, while access to 
the other of the two associated grooves 52 is increased. 
This allows a greater amount of the hydraulic fluid into 
the open groove, resulting in a pressurizing of the re- 
spective chamber portion 30 or 32 to cause the piston 

30 28 to move in a particular direction. For example, if the 
valve core part 46 is rotated clockwise, the associated 
valve sleeve part groove 52 located on the counter- 
clockwise side of the radial passage 50 becomes 
blocked and the associated groove 52 located on the 

35 clockwise side of the radial passage 50 becomes open. 
Thus, a greater amount of the hydraulic fluid enters the 
open groove and travels to the chamber portion 30 or 
32 associated with the open groove. The increased hy- 
draulic fluid in the respective chamber portion 30 or 32 

40 increases the pressure within the respective chamber 
portion 30 or 32 and forces the piston 28 to move in an 
axial direction to increase the volume of the respective 
chamber portion 30 or 32. As a result, the piston 28 ro- 
tates the sector gear 18 and the steerable wheels 17 

45 are turned in the appropriate direction. 

[001 6] The valve core part 46 of the directional control 
valve 42 is fixedly connected to a manually rotatable 
shaft 60. The manually rotatable shaft 60 is fixedly con- 
nected to the steering wheel 12 and may be manually 

50 turned by the driver of the vehicle. 

[0017] The piston 28 contains a bore 62 that is open 
toward the directional control valve 42. The valve sleeve 
part 48 and a follow-up member 64 form an integral one- 
piece unit 66 that is supported for rotation by a plurality 

55 of bearings. The follow-up member 64 has a screw 
thread portion 68 formed on its outer periphery. A plu- 
rality of balls 70 is located in the screw thread portion 
68. The balls 70 interconnect the screw thread portion 
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68 of the follow-up member 64 with an internal treaded 
portion 72 formed in the bore 62 of the piston 28. As a 
result of the interconnecting balls 70, axial movement of 
the piston 28 causes the follow-up member 64 to rotate. 
This action causes the follow-up member 64 and the 5 
valve sleeve part 48 to rotate along with the valve core 
part 46 to return the directional control valve 42 to the 
neutral position. 

[0018] In addition to the first motor 24, the apparatus 
10 has a second motor 74 for inputting motion to the 10 
drive mechanism 16. The second motor 74 is electrically 
powered. The second motor 74 is coaxial with the man- 
ually rotatable shaft 60 located between the valve core 
part 46 and the steering wheel 12 of the vehicle. The 
second motor 74, when actuated, rotates shaft 60 15 
through a suitable drive (not shown). The second motor 
74 provides a backup source of power steering and is 
. not activated unless the first motor 24 becomes inoper- 
ative. The second motor 74 includes a motor drive circuit 
76 that directly controls the operation of the second mo- 20 
tor 74. 

[0019] The apparatus 10 includes a sensor 78 for 
sensing that the first motor 24 is inoperative. Although 
a variety of sensors may be used, in a preferred embod- 
iment, the sensor 78 is a pressure sensor that monitors 25 
the pressure of the hydraulic fluid entering the apparatus 
10 from the reservoir 36. Those skilled in the art will un- 
derstand that the sensor 78 may be located at any pres- 
surized point in the hydraulic fluid system. 
[0020] Upon sensing that the first motor 24 is inoper- 30 
ative, the sensor 78 produces an enabling signal. The 
sensor communicates the enabling signal to the second 
motor 74 to enable operation of the second motor 74. In 
the preferred embodiment, the motor drive circuit 76 re- 
ceives the enabling signal and enables the second mo- 35 
tor 74. 

[0021] The apparatus 10 further includes a torque 
sensor 80 that is responsive to turning of the steering 
wheel 12. If the first motor 24 becomes inoperative, the 
driver-applied torque on the steering wheel 12 required 40 
to turn the steerable wheels 17 increases. If the second 
motor 74 is enabled and the driver-applied torque reach- 
es a predetermined level, the torque sensor 80 commu- 
nicates a torque signal to the motor drive circuit 76. In 
response to the torque signal, the motor drive circuit 76 45 
controls the second motor 74 to assist in turning the 
manually rotatable shaft 60 in the appropriate direction 
and thus, actuates the drive mechanism 16 to turn the 
steerable wheels 1 7. The mechanism of the second mo- 
tor 74 that assists in rotating the rotatable shaft 60 can 50 
be any suitable drive mechanism. 
[0022] A torsion bar 81 is fixed between the manually 
rotatable shaft 60 and the follow-up member 64. At least 
a portion of the torsion bar 81 extends through an axially 
extending bore in the valve core part 46. If the first motor 55 
24 becomes inoperative, driver-applied torque to the 
manually rotatable shaft 60 is transferred through the 
torsion bar 81 in an attempt to cause rotation of the fol- 



low-up member 64. If the resistance to turning of the 
steerable wheels 1 7 is below a predetermined level, the 
torque transferred through the torsion bar 81 will cause 
rotation of the follow-up member 64 which, in turn, caus- 
es movement of the piston 28 and results in turning the 
steerable wheels 1 7. If resistance to turning the steera- 
ble wheels 17 is at or above a predetermined level, the 
torsion bar will twist causing the valve core part 46 to 
engage and drive the valve sleeve part 48. As seen in 
Fig. 3, the valve core part 46 has a plurality of recesses 
82 in its outer periphery. An equal number of driving lugs 
84 project axially from the valve sleeve part 48 and into 
the recesses 82 in the valve core part 46. After a small 
amount of relative rotation between the valve parts 46 
and 48, usually no more than a few degrees, the side 
surfaces of the recesses 82 of the valve core part 46 will 
engage the driving lugs 84 of the valve sleeve part 48 
resulting in a positive drive between the two valve parts 
46 and 48. Further rotation of this positive drive will 
cause rotation of the follow-up member 64 in the direc- 
tion of rotation of the manually rotatable shaft 60. The 
balls 70 interconnecting the follow-up member 64 with 
the bore 62 of the piston 28 cause the piston 28 to move 
axially within the chamber. This axial movement of the 
piston 28 causes the sector gear 1 8 to rotate and results 
in the turning of the steerable wheels 17 of the vehicle. 
During the movement of the piston 28, the chamber por- 
tions 30 and 32 are both vented to allow the movement 
of the piston 28 to displace the necessary hydraulic fluid. 
[0023] In the preferred embodiment of the apparatus 
10 of the present invention, when the sensor 78 senses 
that the first motor 24 is inoperative, the sensor 78 pro- 
duces an enabling signal and communicates the ena- 
bling signal, via the motor drive circuit 76, to enable the 
second motor 74. The enabling signal is received by the 
motor drive circuit 76 which enables the second motor 
74 and becomes responsive to the torque sensor 80. 
When the driver-applied torque reaches a predeter- 
mined level, the torsion bar 81 twists and the side sur- 
faces of the recesses 82 of the valve core part 46 en- 
gage the driving lugs 84 of the valve sleeve part 48. 
When the driver-applied torque reaches a second pre- 
determined level, the torque sensor 80 communicates 
a torque signal to the motor drive circuit 76. This torque 
signal includes the direction, clockwise or counter- 
clockwise, of the driver-applied torque. Upon receiving 
the torque signal, the motor drive circuit 76 controls the 
second motor to assist in the turning of the manually ro- 
tatable shaft 60. For example, if the torque signal com- 
municates a clockwise driver-applied torque that reach- 
es the second predetermined torque level, the motor 
drive circuit 76 will direct the second motor 74 to assist 
in turning the manually rotatable shaft 60 in a clockwise 
direction. When the driver-applied torque falls below the 
second predetermined level, the torque sensor 80 will 
terminate the torque signal and the motor drive circuit 
76 will stop the rotation of the second motor 74. 
[0024] The present invention provides an improved 
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power steering apparatus 10 having a first motor 24 to 
actuate a drive mechanism 16 and a second motor 74 
backup to actuate the drive mechanism 16 if the first mo- 
tor 24 becomes inoperative. Additionally, the apparatus 
10 allows manual steering of the vehicle if both motors 
become inoperative. It should be clear to one skilled in 
the art that certain modifications, changes, and improve- 
ments of the present invention may be made. Such mod- 
ifications, changes, and improvements are intended to 
be covered by the appended claims. 

Claims 

1 . An apparatus for turning steerable wheels of a ve- 
hicle in response to turning of the steering wheel of 
the vehicle, the apparatus including: 

a drive mechanism for turning the steerable 
wheels, the drive mechanism being responsive 
to the turning of the steering wheel, motion of 
the drive mechanism turning the steerable 
wheels; 

a first motor for inputting motion to the drive 
mechanism, the first motor being hydraulically 
powered; 

a second motor for inputting motion to the drive 
mechanism, the second motor being electrical- 
ly powered; 

a sensor for sensing that the first motor is inop- 
erative, the sensor producing an enabling sig- 
nal and communicating the enabling signal to 
the second motor to enable operation of the 
second motor; and 

a torque sensor, the torque sensor being re- 
sponsive to turning of the steering wheel, the 
torque sensor controlling the second motor 
when the second motor is enabled. 



being contained within and being rotatable relative 
to the valve sleeve part, a manually rotatable shaft 
being fixedly connected to the valve core part. 

5 5. The apparatus for turning steerable wheels of a ve- 
hicle as defined in claim 1 , the apparatus further be- 
ing defined by: 

the torque sensor sensing the driver-applied 
torque, when the driver-applied torque reaches a 

10 predetermined level, the torque sensor communi- 
cating a torque signal to the second motor. 

6. The apparatus for turning steerable wheels of a ve- 
hicle as defined in claim 5, the apparatus further be- 
15 ing defined by: 

a motor drive circuit for said second motor, the 
torque signal being received by the motor drive cir- 
cuit, the motor drive circuit controlling the second 
motor. 
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2. The apparatus for turning steerable wheels of a ve- 40 
hide as defined in claim 1 , the apparatus further be- 
ing defined by: 

a motor drive circuit for controlling the second 
motor, the torque sensor communicating a torque 
signal to the motor drive circuit, the motor drive cir- 45 
cuit controlling the second motor. 



3. The apparatus for turning steerable wheels of a ve- 
hicle as defined in claim 1 , the apparatus further be- 
ing defined by: 50 

rotatable valve parts for controlling fluid flow 
to the first motor. 



4. The apparatus for turning steerable wheels of a ve- 
hicle as defined in claim 3, the apparatus further be- 55 
ing defined by: 

the valve parts including a valve core part and 
a valve sleeve part, a portion of the valve core part 



5 



EP 1 167 161 A2 




6 



EP1 167 161 A2 




